University of Rhode Island

DigitalCommons@URI
Open Access Dissertations
2022

DIETARY MAGNESIUM INTAKE AND RISK OF TYPE 2 DIABETES
MELLITUS IN GHANAIAN WOMEN OF REPRODUCTIVE AGE
Helena Bentil
University of Rhode Island, helena_bentil@uri.edu

Follow this and additional works at: https://digitalcommons.uri.edu/oa_diss

Recommended Citation
Bentil, Helena, "DIETARY MAGNESIUM INTAKE AND RISK OF TYPE 2 DIABETES MELLITUS IN GHANAIAN
WOMEN OF REPRODUCTIVE AGE" (2022). Open Access Dissertations. Paper 1355.
https://digitalcommons.uri.edu/oa_diss/1355

This Dissertation is brought to you for free and open access by DigitalCommons@URI. It has been accepted for
inclusion in Open Access Dissertations by an authorized administrator of DigitalCommons@URI. For more
information, please contact digitalcommons@etal.uri.edu.

DIETARY MAGNESIUM INTAKE AND RISK OF TYPE 2 DIABETES
MELLITUS IN GHANAIAN WOMEN OF REPRODUCTIVE AGE

BY
HELENA JOYCELYN BENTIL

A DISSERTATION SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY
IN
HEALTH SCIENCES

UNIVERSITY OF RHODE ISLAND
2022

DOCTOR OF PHILOSOPHY DISSERTATION OF

HELENA JOYCELYN BENTIL

APPROVED:
Dissertation Committee:
Major Professor

Brietta M. Oaks
Alison Tovar
Joseph S. Rossi

Brenton DeBoef
DEAN OF THE GRADUATE SCHOOL

UNIVERSITY OF RHODE ISLAND
2020
2022

ABSTRACT
In several studies conducted in high-income countries, low magnesium intake
has been linked to an increased risk of type 2 diabetes mellitus (T2DM). However,
very no studies have been conducted in Africa, where the prevalence of T2DM is
increasing in many countries. Furthermore, few studies have investigated the risk of
magnesium deficiency in women of reproductive age, a group where lower levels of
dietary magnesium intake have been linked to gestational diabetes and pre-eclampsia
during pregnancy. The purpose of this dissertation was to conduct a pilot crosssectional study to investigate the dietary magnesium intakes of women of reproductive
age in Ghana and the association between dietary magnesium intake and glycemic
markers including fasting blood glucose and glycated hemoglobin (HbA1c).
Manuscript 1 “Association Between Dietary Magnesium Intake and Glycemic
Markers in Ghanaian Women of Reproductive Age: A Pilot Cross-Sectional Study” is
a research article that sought to investigate the relationship between dietary
magnesium intake and glycemic markers in Ghanaian women of reproductive age. The
results did not show a significant association, but the finding necessitates further
research with larger representative samples to substantiate the study findings.
Manuscript 2 “Dietary Magnesium Intake among Women of Reproductive Age
in Ghana - A Comparison of Two Dietary Analysis Programs” is also a research
article that aimed to assess the dietary magnesium intake in non-pregnant women of
reproductive age in Ghana and to compare magnesium intakes using two dietary
analysis programs, ESHA (Elizabeth Stewart Hands and Associates) and NDSR
(Nutrient Data Software for Research). The results indicate that based on the

calculations of both dietary analysis programs, the average magnesium intake in the
study women were below recommended dietary allowances (RDA) of 320mg/day,
representing 53% - 63% of the RDA. The average dietary magnesium intake
calculated by the two dietary programs differed significantly.
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PREFACE
This dissertation was prepared in manuscript format.

Manuscript 1 “Association Between Dietary Magnesium Intake and Glycemic
Markers in Ghanaian Women of Reproductive Age: A Pilot Cross-Sectional Study” is
published in the Nutrients Journal (Bentil, H.J.; Abreu, A.M.; Adu-Afarwuah, S.;
Rossi, J.S.; Tovar, A.; Oaks, B.M. Association between Dietary Magnesium Intake
and Glycemic Markers in Ghanaian Women of Reproductive Age: A Pilot CrossSectional Study. Nutrients 2021, 13, 4141).

Manuscript 2 “Dietary Magnesium Intake among Women of Reproductive Age in
Ghana - A Comparison of Two Dietary Analysis Programs” will be submitted to
PLOS ONE.
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MANUSCRIPT 1

Association Between Dietary Magnesium Intake and Glycemic Markers in
Ghanaian Women of Reproductive Age: A Pilot Cross-Sectional Study

by
Helena J. Bentil, Alyssa M. Abreu, Seth Adu Afarwuah, Joseph S. Rossi, Alison
Tovar & Brietta M. Oaks

is published in the Nutrients Journal

1

ABSTRACT
Low magnesium intake has been shown to be associated with an increased risk of type
2 diabetes mellitus (T2DM) in several studies done in high-income countries.
However, very few or no studies have been done in Africa where many countries have
a growing rate of T2DM. We conducted a pilot cross-sectional study, among 63
women in Ghana, to investigate the association between magnesium intake and
glycemic markers. We assessed dietary magnesium using a food frequency
questionnaire and glycemic markers using fasting blood glucose and glycated
hemoglobin A1c (HbA1c). Our findings showed that the mean magnesium intake was
200 ± 116 mg/day. The prevalence of T2DM was 5% by fasting blood glucose and 8%
by HbA1c. Unadjusted linear regression models revealed that higher magnesium
intake significantly predicted higher fasting blood glucose levels (β = 0.31; 95% CI:
0.07, 0.55; p = 0.01) and HbA1c levels (β = 0.26; 95% CI: 0.01, 0.51; p = 0.04). In
adjusted analyses, magnesium intake was no longer significantly associated with either
fasting blood glucose levels (β = 0.22; 95% CI: -0.03, 0.46; p = 0.08) or HbA1c levels
(β = 0.15; 95% CI: -0.08, 0.39; p = 0.20). In conclusion, our study did not show
significant association between magnesium intake and glycemic markers in women of
reproductive age in Ghana. The results of this study need to be further substantiated
because this was the first study to examine magnesium intake and glycemic markers in
this population in Africa.

Keywords: magnesium; diabetes; nutrition transition; women of reproductive age;
Ghana
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INTRODUCTION
Magnesium is a critical mineral in the body serving as a cofactor for more than
300 enzymes that regulate diverse biochemical reactions, including blood glucose
control [1]. A magnesium deficiency can affect insulin regulation and may increase
the risk for diabetes due to its essential role in the activation of the tyrosine kinase
enzyme for insulin receptor activity [2]. Thus, a magnesium deficiency could impair
the insulin signal transduction pathway by interfering with the tyrosine-kinase activity
of the insulin receptor [1,2].
Several studies have reported that low magnesium intake is associated with
type 2 diabetes mellitus (T2DM) [3–6] and randomized controlled trials show
magnesium supplementation improves glucose parameters in adults with diabetes and
improves insulin-sensitivity in those at high risk of diabetes [7–10]. However, the
majority of research has been conducted in high-income countries [3–10] and no study
has examined the relationship between magnesium intake and T2DM in Africa.
Ghana, like many countries in Africa, is going through a nutrition transition,
with less intake of traditional foods and increased consumption of processed foods
typically associated with the western diet [11]. As magnesium is present in many
traditional Ghanaian foods [12] and typically absent in processed foods [13],
magnesium intake has likely been decreasing in Ghana. Simultaneously, the rate of
T2DM has been increasing and it is now estimated that among females (18 years and
over) in Ghana, T2DM has increased from 5.0% in 2000 to 6.6 % in 2014 [14]. This is
particularly concerning for women of reproductive age, as diabetes during pregnancy
can lead to adverse birth outcomes such as restricted fetal growth, intrauterine growth
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restriction and preterm labor, as well as an increased risk of future diabetes [15,17].
Furthermore, low magnesium consumption during pregnancy has been identified as a
key player in the fetal programming of adult disease [15]. Intrauterine magnesium
deficiency in the fetus, in particular, has been linked to insulin resistance after birth,
increasing the risk of metabolic syndrome in adulthood [15]. It is unknown whether
magnesium deficiency is contributing to the prevalence of T2DM in Ghana as the
average magnesium intake in the current diet is unknown. Therefore, the study
proposed here is intended to fill a critical void in our understanding of diet and T2DM
risk in Ghana.
To address this knowledge gap, we conducted a pilot study to investigate the
association between dietary magnesium intake and two glycemic markers of T2DM
risk, fasting blood glucose and glycated hemoglobin A1c (HbA1c). We hypothesized
that lower dietary magnesium intake would be associated with higher fasting blood
glucose and higher HbA1c.

MATERIALS AND METHODS
Study Design, Setting and Participants
We conducted a pilot cross-sectional study between July-August 2019 among
women of reproductive age living in Odumase Krobo, a peri-urban area and the
district capital of Lower Manya Krobo District in the Eastern Region of Ghana, about
70 km north of the national capital, Accra. The study was approved by the Ghana
Health Service Ethical IRB (REF# GHS-ERC016/10/18) and the University of Rhode
Island IRB (REF# BI1819-005). We obtained written informed consent from all study

4

participants.
To be eligible for enrollment, women had to (a) be between 18–49 years old,
(b) reside in Odumase Krobo, (c) be able to speak Krobo, Twi, or English, and (d) be
non-pregnant by self-report. Pregnant women were excluded because blood glucose
fluctuates during pregnancy. We decided on a sample size of 60 based on
recommendation by Sim et al [18] for pilot studies.
A list of census enumeration areas for Odumase Krobo was obtained from the
Ghana Statistical Service. The list had a total of 19 enumeration areas (EAs) ordered
in ascending order according to the EAs ID code/number. Out of the total 19 EAs, 5
EAs were randomly selected. To select the 5 EAs, we first calculated the interval rate
by dividing the total number of EAs (19) by the number of EAs to be selected (5)
which is approximately 4. Thus, for the 5 EAs, we selected every fourth EA from the
list of total EAs. These included the fourth, eighth, twelfth, sixteenth and nineteenth
enumeration areas. We selected a total of at least 12 households per EA, 12
households in 4 of the EAs and 15 households in the 5th EA, making a total of 63
households. This was done to account for missing data. Every second household that
had women within the ages of 18-49 years was selected from the list of households in
each EA.
The selected households were visited and women in each household were
further screened for eligibility. Women who were interested and eligible to participate,
gave their informed consent by either signature or thumbprint. If the eligible woman in
the selected household was not interested, the next second household was selected
from the list of households until a sample size of 63 was obtained. In situations where
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there was more than one eligible woman in a household, only one was selected using
the simple random sampling procedure (balloting technique). Ballot papers equivalent
to the number of eligible women in the household, all labeled ‘No’ except for one
which was labeled ‘Yes’, were folded and presented to the women for them to pick
one. The eligible woman who picked the paper labeled ‘Yes’ was enrolled in the
study.
All enrolled women received two home visits within two days. During the first
home visit which took approximately two hours, women were consented and
completed an interviewer-administered survey and a food frequency questionnaire
(FFQ) to collect information on socio-demographic characteristics and dietary
magnesium intake respectively as well as height and weight measurements. Blood
tests were done during the second home visit which took about a half-hour to collect
information on hemoglobin concentrations, fasting blood glucose and HbA1c.

Study Data Collection
An interviewer-administrated questionnaire was used to collect data on sociodemographic characteristics including age, ethnicity, marital status, number of
children, educational level, occupation, and living conditions including sources of
drinking water, sanitation facility, type of building material, type of flooring, and
household ownership of assets (electricity, car, refrigerator/freezer, television, video
player, computer, gas/electric stove and air conditioner). We assessed household
socioeconomic status from the reported household’s ownership of the following 18
items: color/black TV, fixed telephone, mobile phone, generator, computer/laptop,
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refrigerator, freezer, washing machine, sewing machine, radio, bed, DVD/VCD,
bicycle, motorcycle, table, cabinet/cupboard, camera, and car/truck as well as access
to internet and electricity. Based on these, the wealth index was determined using
principal components analysis and categorized into quintiles (lowest, second, middle,
fourth, and highest).
To estimate body mass index (BMI), we measured height and weight using
standard procedures with a height board (UNICEF S0114540) and digital weight scale
(SECA 874) respectively. Body mass index (BMI) was calculated as weight
(kg)/height (m)2. Study participants were classified as underweight (BMI < 18.5
kg/m2), normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI 25.0 – 30.0 kg/m2)
or obese (BMI ≥ 30.0 kg/m2), assessed according to the cut-off values by the World
Health Organization [19].
We collected information on dietary magnesium intake using a
semiquantitative 150-item food frequency questionnaire (FFQ) based on an FFQ used
in larger studies and national surveys in Ghana [20-22]. For each food item, we
assigned a portion size using standard household measures such as cups, tablespoons,
teaspoons, glasses as well as using photographs from a Food Amounts Booklet [23].
Study participants were asked how often on average they consumed that amount in the
past 7 days. The frequency of consumption of specified portion size was asked in six
categories: never, once per week, 2 times per week, 3-4 times per week, 5-6 times per
week, once per day, and 2 or more times per day. We calculated magnesium intake by
multiplying the frequency of consumption of each food item by the magnesium
content of the specified portion size using ESHA Food Processor Nutrition Analysis
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software, version 10.8 (ESHA Research Inc, 2010, Salem, Oregon) and the West
African Food Composition table. We also collected information on dietary supplement
intake. However, none of the reported dietary supplements contained magnesium and
were therefore not included in the analysis.
We obtained blood samples from the study participants after an overnight fast
following a fingerprick with disposable lancets on the second home visit. The markers
of glycemia assessed were fasting blood glucose and glycated hemoglobin A1c
(HbA1c). We measured fasting blood glucose (FBG) and HbA1c once using a glucose
meter (AccuChek Aviva Plus) and an HbA1c meter (A1CNow+ System PTS
Diagnostics) respectively. Women at risk of diabetes were defined as having an FBG ≥
126 mg/dL or HbA1C ≥6.5%, women at risk of prediabetes as an FBG of 100 -125
mg/dL or HbA1C of 5.7% - 6.4%, and normal glycemia as FBG less than 100 mg/dL
or HbA1c less than 5.7% according to the International Diabetes Federation American
Diabetes Association criteria [24]. We also measured hemoglobin concentration. A
drop of blood was drawn into a microcuvette and analyzed using a HemoCue™ Hb 201
Analyzer. Study participants were classified as normal (Hb ≥12.0g/dL), mild anemia
(Hb 11.0–11.9g/dL), moderate anemia (Hb 8.0–10.9 g/dL) or severe anemia (Hb <8.0
g/dL), assessed according to the cut-off values by the World Health Organization [25].

Statistical Analysis
We analyzed the study data with SAS Studio 5.2 (SAS Institute, Cary, NC,
USA). Continuous variables are presented as mean ± SD, and categorical variables as
frequency (%). Multiple linear regression was used to determine the association
8

between dietary magnesium intake and blood glucose concentration. The dependent
variables were the glycemic markers (fasting blood glucose and HbA1c) and dietary
magnesium intake as the independent variable. We used Shapiro–Wilk test to check
the normality of residuals and inversely transformed the outcome variable, fasting
blood glucose. For the adjusted regression analysis, bivariate analysis was first done to
determine whether socio-demographic variables, BMI, and hemoglobin concentration
which were selected based on prior literature [26-28] were significantly associated
with both the dependent and independent variables. Variables found to be statistically
significant at p<0.10 were included as covariates in the adjusted regression models.
Age was the only covariate found to be significantly associated with both the
dependent variable (fasting blood glucose or HbA1c) and the independent variable
(magnesium intake). BMI was also included as a covariate because of its association
with blood glucose concentration [28]. The independent variable and covariates in the
adjusted model were checked for multicollinearity by estimating the variance inflation
factor (VIF) for all variables; no evidence for multicollinearity was identified between
the variables (VIF < 2). Upon examining studentized residuals larger than 3 standard
deviations, we determined there was an outlier in magnesium intake. Given that their
intake was still considered plausible (658mg/day) [29], we decided to keep this value
in the regression model. However, we conducted a post-hoc linear regression where
we split magnesium intake into 3 groups, to test the relationship between magnesium
intake and the glycemic markers and thus mitigate the effect of the outlier in the
magnesium intake distribution. We also did a post-hoc analysis of logistic regression
to predict the risk of hyperglycemia (FBG ≥ 100 mg/dL or HbA1c ≥ 5.7%) according
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to magnesium intake. A p-value of < 0.05 was considered statistically significant.
Statistical power analysis was conducted for a multiple regression analysis consisting
of four potential covariates and assuming alpha = 0.05 for a planned sample size of 60
study participants. Results suggested that power would be 0.80 for an overall model R2
of 0.18 and that a model R2 of 0.10 or greater would be detected as statistically
significant at p < 0.05.

RESULTS
Background Characteristics of Study Participants
Table 1 summarizes the background characteristics of the study participants. A
total of 63 women were enrolled in the study. The mean ± SD age of the women was
29.5 ± 8.5 years. The majority of the women were Ga-Adangmes (98.4%), had
completed either pre-school, Junior/Senior High schools or tertiary (88.9%), were
employed (61.9%) and had one or more children (77.8%). About 30% were classified
with overweight, 14% were classified with obesity and only 1.6% were classified with
underweight. More than half of the women were anemic (57.1%) and 3% of the
women were severely anemic. Most of our study women had normal glycemia; fasting
blood glucose (55.6%) vs HbA1c (67.2%). About 40% and 25% of the women were
classified as having prediabetes for fasting blood glucose and HbA1c, respectively,
while few of the women, 5% (fasting blood glucose) vs 8% (HbA1c), were classified
as having diabetes. The mean ± SD daily intake of magnesium in the study population
was 200 ± 116 mg. The majority of the women (84%) in this study did not meet the
recommended daily magnesium intake as required by their age. The daily
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recommendation by age is 360mg for 14-18 years, 310mg for 19-30 years, and 320mg
for 31+ years.

Table 1. Background Characteristics of the study population.
Variable
Frequency (%) / Mean ± SD
Age, in years
29.5 ± 8.5
Marital Status
Currently married
28 (44.4%)
Single/Separated/Widow
35 (55.6%)
Ethnicity
Ga-Dangme
62 (98.4%)
Others
1 (1.6%)
School Attendance
Yes
56 (88.9%)
No
7 (11.1%)
Education
None
7 (11.1%)
KG/Primary/JHS (Low)
42 (66.7%)
SHS/tertiary (High)
14 (22.2%)
Occupation
Not employed
24 (38.1%)
Employed
39 (61.9%)
Number of children
None
14 (22.2%)
1
13 (20.6%)
≥2
36 (57.1%)
2
Mean BMI, kg/m
25.2 ± 5.1
BMI Category n (%)
Underweight
1 (1.6%)
Normal
34 (54.0%)
Overweight
19 (30.2%)
Obese
9 (14.3%)
Mean fasting blood glucose, mg/dL
101.2 ± 15.2
Fasting blood glucose category
Normal (<100mg/dL)
35 (55.6%)
Impaired fasting glucose (100 – 126mg/dL), at risk
25 (39.7%)
Raised fasting blood glucose (≥126mg/dL), at risk
3 (4.8%)
Mean HbA1c % (n=61)
5.5 ± 0.6
HbA1c category (n=61)
Normal (<5.7)
41 (67.2%)
Pre-diabetes (5.7-6.4), at risk
15 (24.6%)
Diabetes (≥6.5), at risk
5 (8.2%)
Mean hemoglobin concentration, g/dL
11.5 ±1.7
Anemia n (%)
Normal (≥12 g/dL)
27 (42.9%)
Mild (11.9-11g/dL)
14 (22.2%)
11

Moderate (10.9-8g/dL)
Severe (<8g/dL)
Mean Magnesium Intake, mg/day
RDA for Magnesium intake
Met RDA
Did not meet RDA

20 (31.8%)
2 (3.2%)
200 ± 116
10 (15.9%)
53 (84.1%)

Association between Magnesium Intake and Glycemic Markers
Table 2 shows the associations between magnesium intake and glycemic
markers. In both unadjusted models, higher magnesium intake was significantly
associated with higher fasting blood glucose levels (β = 0.31, p= 0.01) and higher
HbA1c levels (β = 0.26, p = 0.04). This means that 1 SD increase in magnesium intake
(1 SD =116mg/d) was associated with a higher fasting blood glucose of 0.31 mg/dL
(95% CI: 0.07, 0.55) and a higher HbA1c of 0.26% (95% CI: 0.01, 0.51). After
adjusting for covariates, magnesium intake was no longer significantly associated with
fasting blood glucose (β = 0.22, 95% CI: -0.03, 0.46, p = 0.08) and HbA1c levels (β =
0.15, 95% CI: -0.08, 0.39, p = 0.20). In our post-hoc tertile analysis presented in
supplementary table 1, the adjusted models also showed no statistically significant
relationship between magnesium intake and fasting blood glucose (β = 0.10, 95% CI: 0.15, 0.35, p = 0.43) and HbA1c (β = 0.18, 95% CI: -0.04, 0.32, p = 0.13). Similarly,
the unadjusted models, showed a non-significant relationship between magnesium
intake and fasting blood glucose (β = 0.20, 95% CI: -0.05, 0.45, p = 0.12) and HbA1c
levels (β = 0.26, 95% CI: -0.004, 0.39, p = 0.05).

12

Table 2. Association between magnesium intake and glycemic markers.
Fasting blood glucose (mg/dL)
n=63
β
95% CI
P value
Magnesium intake
Unadjusted
0.31
Adjusted1
0.22

0.07, 0.55
-0.03, 0.46

0.01
0.08

β

HbA1c (%)
n=61
95% CI

P value

0.26
0.15

0.01, 0.51
-0.08, 0.39

0.04
0.20

1

Adjusted for age and BMI

Supplementary Table 1. Association of tertile analysis of magnesium intake and
glycemic markers
Fasting blood glucose (mg/dL)

HbA1c (%)

n=63

n=61

β

95% CI

P value

β

95% CI

Unadjusted

0.20

-0.05, 0.45

0.12

0.26

-0.004, 0.39 0.05

Adjusted2

0.10

-0.15, 0.35

0.43

0.18

-0.04, 0.32

P value

Mg intake1

1

0.13

Magnesium (Mg) intake categorized into tertiles (42.64mg-129.90mg, 144.36mg-225.64mg and 227.93mg-658.70mg)
for age and BMI

2Adjusted

Post-hoc analysis showing risk of hyperglycemia in women of reproductive age
according to magnesium intake
Logistic regression was performed to predict hypergylcemia based on
magnesium intake categorized according to the RDA by age for magnesium (Table 3).
Both unadjusted and adjusted models showed no significant relationship between
magnesium intake and glycemic markers.
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Table 3. Risk of hyperglycemia in women of reproductive age according to
magnesium intake
Mg
Intake
(mg/da
y)

Fasting blood glucose (mg/dL)
n=63
Unadjusted
Adjusted1

O
95% P
R
CI
value
Met
1.0
RDA
0
Unmet
0.7 0.20, 0.70
RDA
8
3.00
1Adjusted for age and BMI

OR

95%
CI

HbA1c (%)
n=61
P
value

1.00
0.89

OR

95%
CI

P
value

1.00
0.21,
3.72

Adjusted1

Unadjusted

0.86

0.46

OR

95%
CI

P
value

0.07,
2.45

0.33

1.00
0.12,
1.81

0.26

0.42

DISCUSSION
The aim of this study was to explore the association between magnesium
intake and risk of type 2 diabetes in a sample of women of reproductive age in Ghana.
Our study showed no significant associations between magnesium intake and
glycemic markers (fasting blood glucose and HbA1c) after adjusting for covariates.
However, our non-significant findings contrast with other studies. A recent
meta-analysis of 41 prospective cohort studies found a significant inverse association
between magnesium intake and risk of type 2 diabetes [5]. Similarly, the Black
Women’s Health Study, an 8-year prospective study of 41,186 U.S. black women
found that a higher dietary magnesium intake was associated with a lower risk of type
2 diabetes [30]. This contrast could be due to differences in geographic region as
several of these studies were done in Europe, Australia, North America and Asia.
There are no previously published studies conducted in African populations, therefore,
further research, especially longitudinal studies, is warranted to confirm our results.
There are some studies, however, that have found no association between magnesium
14

intake and risk of type 2 diabetes [31,32]. In particular, a double-blind randomized
cross-over trial [32] which investigated the effects of magnesium supplementation on
metabolic control and insulin sensitivity in 98 type 2 diabetic patients, did not find
magnesium supplementation to have any significant improvement in fasting glucose,
HbA1c, insulin and HOMA-IR (homeostatic model assessment-insulin resistance) of
the patients. However, as this study was done in type 2 diabetic patients, the authors
attributed the finding to magnesium loss due to increased urinary magnesium
excretion.
Of note, in our unadjusted results, we found positive associations between
magnesium intake and glycemic markers suggesting that a higher magnesium intake
predicts higher fasting blood glucose and HbA1c levels in women of reproductive age
in Ghana. This, however, is in contrast to the inverse associations reported in previous
studies [3–5,7,8,30]. A possible explanation regarding the positive relationship
observed between magnesium intake and glycemic markers might be related to the
number of factors that interfere with magnesium absorption following intake.
Specifically, dietary aluminium has been shown to cause approximately a 5-fold
reduction in the absorption of magnesium in the gut [13,33]. Apart from the dietary
sources of aluminium, the use of aluminium utensils in cooking is considered to result
in significant increases in aluminium content of food due to the leaching of aluminium
from aluminium utensils [33,34]. In our study setting as in many parts of Africa [35],
aluminium utensils are used in cooking which may contribute to an increase in the
intake of this metal in addition to the dietary sources including vegetables, food
additives, cereals, and cereal products [34]. In addition, we would also like to point
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out that the major sources of magnesium in our study were millet and maize. These
foods especially millet is consumed in the form of porridge, hausa koko, which is
sweetened with sugar. Thus, although millet porridge is a significant source of
magnesium, it also contains sugar, a high intake of which decreases the absorption of
magnesium in the gut and causes increased magnesium excretion via the kidneys
[13,33]. We acknowledge that though our unadjusted findings may be of note, it is
only showing the bivariate relationship between magnesium intake and risk of type 2
diabetes without controlling for covariates. That said, in our study, adjustment for age
and BMI did attenuate the effect of our results. We observed higher blood glucose
concentrations in older and overweight women than in younger and normal weight
women.
Our study has some limitations. First, the cross-sectional nature of this study
means that no causal associations between magnesium intake and risk of type 2
diabetes can be established. Second, we acknowledge that the possible recall bias in
the dietary assessment and the common habit for people in Ghana to share or consume
food from a common bowl could have led to underreporting of food intakes.
Participants may have had difficulties remembering the foods and quantities they
consumed the previous week which could have affected the reported intake. Third, we
had a small sample size and our target population was recruited from a particular
region in Ghana which limits generalizability. However, the diets of the people in this
area are roughly similar to those of most people in Ghana. Fourth, magnesium intake
from drinking water was not assessed which is consistent with previous studies [5–9].
The primary source of drinking water in our study was tap water. Tap water in Ghana
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is softened which essentially reduces the concentrations of minerals like magnesium
from the water. The mean magnesium concentrations of drinking water vary between
1 and 20 mg/L [36]. Assuming study participants consumed 1 to 1.5 liters of water per
day, this would correspond to approximately 1 to 30mg/d of magnesium and this we
believe would not change the null association we found in our study.
Our study has several strengths. We used the random sampling method to
recruit participants, reducing bias. We had information about a number of covariates
including socio-demographic factors, hemoglobin concentrations and BMI for which
we were able to do an adjusted analysis. Also, we used two glycemic markers to assess
the risk of type 2 diabetes. Fasting blood glucose measures blood glucose level at a
single point in time and HbA1c measures blood glucose levels in the previous 3
months, integrating both fasting and postprandial hyperglycemia [37].
In summary, we observed no significant association between magnesium
intake and glycemic markers in women of reproductive age in Ghana. Given the role
magnesium plays in glucose and insulin homeostasis and the fact that in this study
population a high percentage of women did not meet the RDA for magnesium, more
studies with longitudinal design are needed to confirm the reported results.
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ABSTRACT
Among women of reproductive age, lower levels of dietary magnesium have been
linked to gestational diabetes and pre-eclampsia during pregnancy. However, few
studies have investigated the risk of magnesium deficiency in women of reproductive
age in Africa. Our objective was thus to assess the dietary magnesium intake in nonpregnant women of reproductive age in Ghana and to compare magnesium intakes
using two dietary analysis programs. We conducted a pilot cross-sectional study
among 63 women in which we assessed dietary magnesium intake using a food
frequency questionnaire and analyzed the dietary data using two different dietary
analysis programs namely Nutrient Data Software for Research (NDSR) and the
Elizabeth Stewart Hands and Associates (ESHA) Food Processor Nutrition Analysis
software. We used the Wilcoxon signed rank test to compare the mean differences
between the two dietary programs. Our results indicated that there were significant
differences between the average dietary magnesium intake calculated by the two
dietary programs (ESHA: 200 ± 116 mg/day; NDSR: 168 ± 84 mg/day; p=0.005).
However, we noticed the ESHA database included some ethnic foods and was flexible
in terms of searching for food items which we found to be more accurate in assessing
the magnesium intake of women in Ghana. Thus, based on the ESHA calculation, the
average magnesium intake in the study women was below recommended dietary
allowances (RDA) of 320mg/day, representing 63% of the RDA. Concerted efforts
such as magnesium supplementation and nutrition education should be considered to
improve the magnesium intake of women of reproductive age in Ghana.
Keywords: magnesium, women of reproductive age, dietary analysis, Ghana, ESHA,
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NDSR
INTRODUCTION
Magnesium serves as a cofactor in more than 300 enzymatic reactions including
those responsible for regulating blood pressure, glycemic control and lipid
peroxidation [1]. Several epidemiological studies and meta-analyses have reported
inverse associations of dietary magnesium intake with the risk of cardiovascular
disease, type 2 diabetes and hypertension [1–3]. In women of reproductive age, low
magnesium intake during pregnancy is associated with a higher risk of restricted fetal
growth, intrauterine growth restriction, gestational diabetes, preterm labor, and preeclampsia [4]. In addition, low magnesium intake during pregnancy has been
identified as a main actor in the fetal programming of adult disease [4]. Specifically,
intrauterine magnesium deficiency in the fetus could program insulin resistance after
birth, inducing the increased risk of metabolic syndrome in adulthood [4].
Despite the importance of magnesium to health and most importantly to
women of reproductive age who are entering pregnancy, very few surveys have
investigated the magnesium status of women of reproductive age, particularly in
Africa. Ghana is one of many countries in Africa experiencing the double burden of
malnutrition which is defined as the presence of both under and overnutrition.
Diabetes and cardiovascular disease are among the ten leading causes of death in
Ghana in addition to neonatal disorders like prematurity [5] and of which inadequate
magnesium intake has been linked to these health outcomes. According to data from
44 African countries to estimate per capita magnesium supply, the risk of dietary
magnesium deficiency is low in most African countries, with the lowest risk of 0.5%
in West Africa [6]. However, the analysis was based on per capita food supply which
28

does not account for waste from cooking, spoilage, plate waste or household
purchasing power and therefore, can overestimate national dietary consumption of
magnesium. There is a need to assess the magnesium intake of Ghanaian women using
a dietary assessment to determine the magnesium intakes in this population.
Magnesium status is usually determined through assessments of dietary
magnesium intake. This is because serum is a poor indicator of total body magnesium
stores. Serum magnesium accounts for only 0.3% of total body magnesium [7]. This
level is maintained because intracellular magnesium present in the bone (as well as
muscles and internal organs) is exchangeable and functions as a reservoir to stabilize
serum concentration when intakes are low [7, 8]. Although dietary assessment is the
reliable way to determine magnesium status, there is variation in the software and
programs used to analyze dietary intake across countries. For example, in West
African countries, the ESHA (Elizabeth Stewart Hands and Associates) Food
Processor is the most used dietary analysis program [9]. In other populations like the
U.S., NDSR (Nutrient Data Software for Research) is more widely used for dietary
analysis than the ESHA Food Processor because of its associated food composition
database (Nutrition Coordinating Center (NCC) Food and Nutrient Database) [10].
Given that magnesium intake is primarily assessed via diet and there is a variation in
the software used to analyze dietary intake, there is a need to compare estimates of
magnesium calculated using different dietary software.
Therefore, the goal of this study was to investigate the magnesium status in
women of reproductive age in Ghana and to compare estimates of magnesium
calculated using ESHA and NDSR.
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MATERIALS AND METHODS
Study Design, Setting and Participants
Between July and August 2019, we carried out a pilot cross-sectional study in
non-pregnant women aged 18-49 years living in Odumase Krobo, a peri-urban area
and the district capital of Lower Manya Krobo District in the Eastern Region of
Ghana, located about 70 km north of the capital city, Accra. A total of 63 women were
enrolled in the study. A detailed description of the sampling process has been
published elsewhere [11]. In brief, women were recruited into the study if they were
between the ages of 18–49 years old, a resident of Odumase Krobo, able to speak
either Krobo, Twi, or English and non-pregnant which was determined by self-report.
All enrolled women were visited at their homes. During the home visits, women were
consented and completed an interviewer-administered survey to collect information on
socio-demographic characteristics, a food frequency questionnaire (FFQ) to collect
information on dietary magnesium intake, and height and weight measurements. The
study was approved by the Ghana Health Service Ethical Committee (REF# GHSERC016/10/18) and the University of Rhode Island Institutional Review Board (REF#
BI1819-005). Written informed consent was obtained from all study participants
before participation. Participants agreed to participate by either signing or
thumbprinting the informed consent form.

Socio-demographic variables and Anthropometry
We used an interviewer-administrated questionnaire programmed on iPad
using the REDCap data collection tool to collect data on socio-demographic
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characteristics including age, ethnicity, marital status (single, married or
separated/widowed/divorced), number of successful pregnancies, educational level
(none, primary education or less, high school, or tertiary level), employment status
(employed or not employed), sources of drinking water and type of sanitation facility.
We classified sources of drinking water and type of sanitation facility as improved or
unimproved based on WHO’s classification to determine the proportion of women
who had access to improved vs. unimproved water and sanitation [12]. Households
that use piped water connected in dwelling, plot or yard; public standpipes; boreholes;
protected dug wells; protected springs and rainwater collection were classified as
having an improved source of water. If a household sanitation facility included either a
flush or pour-flush connected to a public sewer or septic system, sewer system, septic
tank pit latrines, ventilated-improved pit latrines, or pit latrines with slab or
composting toilets, it was considered an improved source. Unimproved sanitation
included shared or public-use sanitation facilities and pit latrines without slabs or open
pits, bucket/hanging latrines, or open defecation.
To estimate body mass index (BMI), we measured height and weight using
standard procedures [13] with a height board (UNICEF S0114540) and digital weight
scale (SECA 874) respectively. Both measurements were taken with the women
barefoot and wearing light clothes. Height was recorded to the nearest 0.1 cm and
weight was recorded to the nearest 0.1kg. Body mass index (BMI) was calculated as
weight(kg)/height(m2) and classified according to the World Health Organization
criteria [12]: underweight (BMI < 18.5 kg/m2), normal weight (BMI 18.5–24.9 kg/m2),
overweight (BMI 25.0 – 30.0 kg/m2) or obese (BMI ≥ 30.0 kg/m2).
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Assessment of dietary magnesium intake
Dietary magnesium intake were assessed using a semiquantitative 150-item
food frequency questionnaire (FFQ) which was interviewer administered and has been
used in larger studies and national surveys in Ghana [13–15]. For each food item, we
assigned a portion size using standard household measures such as cups, tablespoons,
teaspoons, glasses as well as using photographs from a Food Amounts Booklet [17].
Study participants were asked how often on average they consumed that amount in the
past week. The frequency of consumption of specified portion size was asked in six
categories: never, once per week, 2 times per week, 3-4 times per week, 5-6 times per
week, once per day, and 2 or more times per day. We calculated magnesium intake by
multiplying the frequency of consumption of each food item by the magnesium
content of the specified portion size.
The Nutrient Data Software for Research 2018 (NDSR; University of
Minnesota, Minneapolis, MN, USA) and the ESHA Food Processor Nutrition
Analysis software, version 10.8 (ESHA Research Inc, 2010, Salem, Oregon) were
used to estimate dietary magnesium intake. For composite and mixed dishes, recipes
were added to both the ESHA Food Processor and NDSR Nutrition Analysis software.
In both programs, the United States Department of Agriculture (USDA) dietary
database was used as the primary reference because it is comprehensive and regularly
updated. Specific Ghanaian foods (not included in the ESHA Food Processor or
NDSR) were obtained from the Food and Agricultural Organization West African
Food Composition table.
We also collected information on dietary supplement intake. However, none of
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the reported dietary supplements contained magnesium and were therefore not
included in the analysis.

Statistical analyses
Categorical variables are expressed as frequencies and percentages and as
mean ± standard deviation for continuous variables. Comparisons between ESHA and
NDSR dietary magnesium estimates were performed using a Wilcoxon signed rank
test which is the non-parametric version of a paired samples t-test. The dependent
variable is the dietary magnesium intake (mg/day) and the independent variable is the
type of dietary analysis program (ESHA or NDSR). All analyses were performed in
the SAS Studio 5.2 (SAS Institute, Cary, NC, USA). Statistical analysis was twotailed and a p-value < 0.05 was considered statistically significant.

RESULTS
Socio-demographic and anthropometry characteristics
Table 1 presents the socio-demographic and anthropometry of the study
participants. The mean (SD) age of our study participants is 29.5 (8.5) years. Of the
respondents, 56% were either single, separated or widowed, 98% were of the GaDangme ethnic group, 89% had completed either pre-school, Junior/Senior High
schools or tertiary, 62% were employed, 78% had been pregnant (successful) once or
multiple times, 62% had improved source of drinking water and 86% had unimproved
sanitation facilities, mainly because the facilities were shared with non-household
members and thus not counting as an improved sanitation facility. More than half of
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the study participants (54%) were of normal weight.
Table 1. Socio-demographics and anthropometry status of study participants
Variables
Age, years
Marital Status
Married
Single/Separated/Widow
Ethnicity
Ga-Dangme
Others
Educational Background
None
KG/Primary/JHS (Low)
SHS/tertiary (High)
Employment status
Not employed
Employed
Number of pregnancies
None
≥1
Source of drinking water
Improved
Unimproved
Sanitation facility
Improved
Unimproved
Mean BMI, kg/m2
BMI Category
Underweight
Normal
Overweight/ Obese

Frequency (%) / Mean ± SD
29.5 ± 8.5
28 (44.4%)
35 (55.6%)
62 (98.4%)
1 (1.6%)
7 (11.1%)
42 (66.7%)
14 (22.2%)
24 (38.1%)
39 (61.9%)
14 (22.2%)
49 (77.8%)
39 (61.9%)
24 (38.1%)
9 (14.3%)
54 (85.7%)
25.2 ± 5.1
1 (1.6%)
34 (54.0%)
28 (44.4%)

KG = Kindergarten, JHS = Junior High School, SHS = Senior High School, BMI = Body Mass Index

Average Dietary Magnesium Intake
Figure 1 presents the comparisons between the two dietary analysis programs.
The mean (SD) magnesium intake was 200 (116) for ESHA and 168 (84) for NDSR.
The Wilcoxon signed rank test result in a two-sided test p-value is 0.0052, indicating
that there are significant differences in dietary magnesium intakes analyzed by ESHA
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and NDSR. Both programs showed that a majority of the participants did not meet
their recommended daily allowance for magnesium (ESHA: 84.1%; NDSR: 96.8%).

Figure 1. Average Magnesium Intake by ESHA and NDSR dietary programs
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DISCUSSION
We aimed to assess the dietary magnesium intake of Ghanaian women of
reproductive age and also to compare the estimates of magnesium calculated using
ESHA and NDSR dietary analysis programs. The average dietary intake of
magnesium was below recommended dietary allowances with the majority of the
women obtaining less than 63% of the RDA. This is concerning for women because a
low magnesium status at the start of pregnancy increases the risk of developing preeclampsia, gestational diabetes, preterm labor, restricted fetal growth, and intrauterine
growth restriction [4]. We also observed significant differences between the dietary
magnesium intake assessed by the dietary analysis programs.
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Low magnesium intakes have been reported in similar populations in Ghana and
other countries. Frimpong et al [18] assessed the dietary intakes of bank employees in
Ghana using ESHA and reported a mean dietary magnesium intake of 88 mg/day for
women, which was lower than our results. The difference could be attributed to
differences in the dietary patterns of the urban population in Frimpong et al's study
versus the peri-urban dietary patterns of our study participants, as well as the
employment status of the participants, which in Frimpong et al's study included bank
employees, whereas our study participants, while mostly employed, were mostly
involved in unskilled or skilled labor such as hairdresser and trader. Joy et al [6], on
the other hand, found in their study that countries in West Africa had a mean regional
supply of magnesium of 1,019 mg per capita per day based on their assessment of the
country's specific food balance sheets. In their study, they found that the grain,
sorghum, which is an excellent source of magnesium, contributed greatly (559mg per
100g) to the region's magnesium supply. However, sorghum was not one of the
reported grains consumed by our study participants which could most likely account
for the large differences.
The suboptimal magnesium intakes observed in our study and other populations
could be due in part to the low consumption of whole grains, legumes, fruits and
vegetables that is seen in Western diets. Consistent with our finding, in the United
States, for example, the reported average magnesium intake of women is 228mg/day
[19]. Ford et al [20] found similar intakes in three ethnic groups in the United States:
256 mg/day among Caucasian women, 202 mg/day among African American women,
and 242 mg/day among Mexican American women. The Shanghai Women’s Health
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Study in China reported an average daily intake of 267 mg [20]. In the German
population, women's magnesium intake was found to be 200 mg respectively [21].
Dietary patterns in Ghana like in other low-and middle-income countries have
gradually been westernized due to urbanization and economic growth [22]. The
western diet is often low in magnesium due to the refining and processing of foods [1].
Refined and processed foods contain almost no magnesium [1]. For example, wheat
refined to flour, rice to polished rice, and corn to starch deplete magnesium by 82%,
83%, and 97%, respectively [8]. Magnesium is mainly found in unprocessed foods like
green vegetables, whole grains, legumes and nuts [1]
Both the ESHA Food Processor and NDSR programs have been used to estimate
nutrient intakes in several populations [17], [22–27]. We selected ESHA Food
Processor as the principal software in our study since it is regularly used in West
Africa to assess magnesium intake [9], but we also wanted to compare the results to
other systems, such as NDSR, which is widely used in the United States [10]. The
ESHA food processor has been used in several studies especially in West Africa
because of the inclusion of certain ethnic foods like fufu in the database not found in
the NDSR database. This may have accounted for the differences in the estimates of
magnesium calculated using the programs. The search of food and beverage items in
the ESHA food processor is easy and one may not necessarily have to be specific in
searching for food and beverage items in the database. However, searching for food
and beverage items in NDSR is a bit more complicated because one must search by
food groups. When food groups differ between countries, it becomes more
complicated. For example, in West Africa, tomatoes are classified as vegetables, but in
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the United States, they are classified as fruits. In addition, while potatoes are classified
as a vegetable in the United States, they are not in West Africa. Moreover, the cost of
the programs varies. The cost of the ESHA food processor software is less expensive
and the subscription can be canceled at any time. For NDSR, an initial software
license will have to be procured making it more expensive. This makes the ESHA
food processor more accessible in terms of cost making it affordable for many
researchers in Africa. Both programs have the feature to add recipes for composite
dishes and to add a new ingredient not found in the database. This feature makes it
possible to add new ingredients from other sources like the West African Food
Composition database which we used in the present study. The West African food
composition table came out in 2012 and was developed by the Food and Agriculture
Organization of the United Nations (FAO) in collaboration with the West African
Health Organization (WAHO) of the Economic Community of West African States
(ECOWAS), Bioversity International, and the International Network of Food Data
Systems (INFOODs)[29]. It includes a composition of 472 foods from the Western
Africa region [29]. It is free online, displayed in both English and French, and can be
downloaded in excel and pdf formats.
Of note, food composition databases in Africa either do not exist or are not kept
up to date. Of the 54 countries in Africa, only 22 have any kind of food composition
databases with 9 countries having a national comprehensive food composition
database [30]. A systematic review of how dietary data is analyzed in Africa showed
that several countries in Africa either lack a country-specific food composition
database or do not have an updated one which often results in them using food
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composition tables available in the region or the global database [9]. Examples of
cited databases the systematic review found included the USDA Nutrient Database for
Standard Reference and food composition tables developed by Food and Agriculture
Organization (FAO), such as the West African Food Composition Table [9]. Ghana
has no national comprehensive food composition table but has two publications of
nutrient composition of some commonly consumed foods [30]. These publications
were published in the years 1977 and 1983 and have since not been updated.
Similarly, publications available in Togo (1957), Senegal (1961), Cameroon (1966)
and Mali (1998) have not been updated since the years they were first published [30].
Nigeria is the only West African country that has a national food composition database
which was published in 2019 [30]. The Nigeria Food Database 2019 is an open-access
digital platform that is available online. While this is exciting to see for Nigeria, we do
need to see it for all West African countries. Although regional and global food
composition databases are useful resources to provide estimates of foods and
beverages in the absence of a country-specific food composition database, it is
imperative that countries have their own up-to-date food composition databases as
some nutrients in foods are dependent on soil and feed which varies by region and
country.
Our study had several limitations. First, we recognize that the food items, their
quantity and frequency of consumption reported by participants may have been
influenced by recall bias which is an inherent problem of using the FFQ dietary
assessment method. This could have led to underreporting and overreporting of food
intakes. Second, because Ghana has no comprehensive national food composition
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database the USDA food composition database and FAO West African Composition
table was used which could be below or above the reported consumed magnesium
intake. Third, our target population was recruited from a particular region in Ghana
which limits generalizability. Our study has several strengths. This is one of the first
studies focusing specifically on magnesium intakes of women of reproductive age in
Africa. In addition, we estimated magnesium intakes using two dietary analysis
programs. We also collected information on dietary supplement sources of magnesium
in our assessment of total magnesium intake which ensured the inclusion of all sources
of magnesium.
CONCLUSION
This pilot study offers valuable information on the magnesium intake of
women of reproductive age in Africa which indicates that the majority are not meeting
the RDA for magnesium. This calls for concerted efforts to improve the magnesium
intake of women of reproductive age as this would lay the foundation for their
productivity as well as for the health of future generations.
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APPENDICES
APPENDIX 1: EXTENDED LITERATURE REVIEW

Global and regional prevalence of diabetes and nutrition transition
Diabetes is a chronic disease characterized by high levels of glucose in the
blood due to the body's inability to produce any or enough of the hormone insulin, or
to use the insulin that it does produce effectively [1]. Diabetes is defined as fasting
plasma glucose ≥ 7.0 mmol/l (126 mg/dl), random plasma glucose ≥ 11.1 mmol/l (200
mg/dl), HbA1c ≥ 6.5% [2]. The main types of diabetes are type 1 and type 2 diabetes
[1]. Type 1 diabetes also known as insulin-dependent diabetes occurs as a result of an
autoimmune reaction that attacks the insulin-producing beta cells in the pancreas
making the body is unable to produce insulin [1]. Type 2 diabetes also called noninsulin-dependent diabetes is the most common type of diabetes, accounting for
around 90% of all diabetes worldwide [1]. In type 2 diabetes, the body still produces
insulin, but it is unable to use it effectively, a situation known as insulin resistance [1].
Diabetes is rising worldwide. The International Diabetes Federation (IDF) has
estimated that 463 million people aged 20–79 years lived with diagnosed or
undiagnosed diabetes in 2019 [1]. This number is expected to increase to 578 million
by 2030 and to 700 million by 2045. It is estimated that 79.4% live in low- and
middle-income countries where it affects all socioeconomic groups [1]. This disproves
the long-held belief that diabetes is primarily a disease of the wealthy, affecting the
elderly in high-income countries.
Diabetes is associated with increased health expenditure, and low quality of
life [3]. The Global Burden of Disease (GBD) study [4] estimated that 2.74% of total
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deaths was as a result of diabetes, representing a 2.11% increase from 2014. In women
of reproductive age (15-49 years), 1.91% of total deaths was as a result of diabetes in
2019. Furthermore, an estimated 15.8% (20.4 million) of live births were affected by
hyperglycemia in pregnancy in 2019 [1]. The annual global health expenditure on
diabetes is estimated to be USD 760 billion, with an increase to USD 825 billion by
2030 and USD 845 billion by 2045 [1].
In Africa, an estimated 19.4 million adults aged 20-79 years are living with
diabetes [1]. This figure is estimated to increase to 47 million by 2045 [1]. In addition,
45 million adults in the African Region have impaired glucose tolerance (IGT),
defined as conditions of raised blood glucose levels above the normal range and below
the recommended diabetes diagnostic threshold, which places them at high risk of
developing type 2 diabetes [1]. This figure is estimated to reach 110 million by 2045.
Africa is the region with the highest proportion of undiagnosed diabetes, with 60% of
adults currently living with diabetes unaware of their condition [1]. Hyperglycaemia in
pregnancy affects 1 out of every 9 live births in the African region [1].
The Global Nutrition Report [5] estimates that only a few countries are on
track to meet the global noncommunicable disease targets, which include halting the
rise of diabetes by 2025. In the African region, not a single country is on track to meet
the target for halting diabetes in men and women. Diabetes has been steadily
increasing in the region. Diabetes prevalence among adult women has increased from
6.4% in 2000 to 9.9% in 2019 respectively [5].
Ghana is a low-middle-income country in West Africa with a population of
approximately 31 million people. Ghana is one of many countries in the region

48

suffering from a double burden of malnutrition, which is defined as the coexistence of
both undernutrition and overnutrition in the same population. Ghana, like all other
countries in the region, has made no progress toward meeting the target for halting
diabetes, with an estimated 7.6% of adult women and 7.3% of adult men affected by
diabetes [5]. Over the past few decades, the prevalence of diabetes has increased in the
country. Diabetes prevalence among adult women has increased from 5.0% in 2000 to
7.6% in 2019 [5].
The current surge in the prevalence of diabetes in the African region has been
attributed to the effects of nutrition transition [6]. Due to urbanization and economic
growth, most African populations, including Ghanaians, have shifted from traditional
fiber-rich diets rich to a more western diet that is high in fat and low in fiber, resulting
in low micronutrient intake and consisting of processed foods, away-from-home food
intake, and increased use of edible oils and sugar-sweetened beverages [6][7]. The
change in dietary pattern among other factors such as sedentary lifestyles has resulted
in an increased risk of non-communicable disease including type 2 diabetes. While
there are several identified risk factors for diabetes, an overlooked aspect is the
potential of micronutrient deficiencies, such as magnesium, to increase the risk of
diabetes particularly type 2 diabetes [6].

Magnesium: Functions, Sources, Intake and Factors Affecting Its
Availability
Magnesium is an essential mineral because the body cannot synthesize it and it
is required for a wide range of bodily functions and cellular processes [8]. It is a
cofactor for over 300 enzymes that are involved in protein synthesis, muscle and nerve
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transmission, neuromuscular conduction, and blood glucose and blood pressure
regulation [9] [10].
Magnesium absorption occurs mostly in the ileum and colon [11]. The body
absorbs between 30% to 40% of dietary magnesium with increased rates of absorption
if the body is deficient. When the body's magnesium stores decline, gastrointestinal
absorption, bone resorption, and renal tubular reabsorption all increase to restore
normal magnesium concentrations [11][9]. Hypermagnesemia, excess amount of
magnesium in the blood (serum Mg > 2.6 mg/dL), is thus an uncommon clinical
condition however it may occur in patients with poor renal function [12].
Hypomagnesemia, low serum concentrations of magnesium (< 1.7 mg/dl), is the most
prevalent magnesium metabolism disorder, with a prevalence of 10%to 30% in the
general population [9]. The terms hypomagnesemia and magnesium deficiency are
often used interchangeably although total body magnesium depletion can be present
with normal serum magnesium concentrations [13]. Magnesium deficiency, defined as
a reduced total body magnesium content, and hypomagnesemia, defined as low serum
magnesium concentrations, have been linked to a number of chronic diseases,
including hypertension, cardiovascular disease, and type 2 diabetes mellitus [9].
A 70 kg healthy adult has an average of 25 grams of magnesium in reserve,
with 53% in bone, 27% in muscle, 19% in soft tissues, and less than 1% in the serum
which account for the extracellular magnesium in the body. Thus, the majority of
magnesium (99%) is located intracellularly which makes the mineral the second most
common intracellular cation, second only to potassium [9][11]1. In clinical practice,
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serum magnesium concentration is the most commonly used test to assess the
magnesium status [8][14]. However, this laboratory marker is said to have limited
clinical benefit because it does not accurately reflect intracellular or total body
magnesium status as serum magnesium accounts for less than 1% of magnesium [14].
Also, because the body strives to maintain a normal serum level by pooling from
intracellular reserves, an individual may be profoundly deficient in intracellular
magnesium which is required for various cellular biochemical processes and yet have
a normal serum magnesium concentration [14]. The magnesium stores in the bones
serve as an exchangeable pool that can be used to buffer changes in serum magnesium
levels [15].
The assessment of dietary intake of magnesium is the standard in research
studies for assessing magnesium status [16]. The recommended daily dietary
allowance (RDA) for magnesium for adult men is 400-420 mg/day and 310–320
mg/day for non-pregnant or non-lactating adult women.16 Magnesium is found in
unprocessed foods including green vegetables, seeds (pumpkin seeds, sunflower
seeds), whole grains (brown rice, millet, wheat, and maize/corn), legumes (cowpeas,
soy) and nuts (groundnuts, almonds, and cashew). Conversely, foods that have been
refined and processed have little or no magnesium. For example, the refining of wheat
grain to white flour results in an 82 % loss of magnesium due to the removal of
magnesium-rich bran and germ from the grain [17] [11]. As a result, white refined
flour is significantly low in magnesium [8]. Similarly, refining rice to polished rice
and corn to starch reduces magnesium by 83%, and 97%, respectively [11]. Other
refined products such as sugar and oil are totally depleted of magnesium. When seeds
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and nuts are refined into oils, the oils are super-heated, and the magnesium content is
strained out or removed with chemical additives [17]. The end result of oil refining is
a product that contains no magnesium. A cup of sunflower seeds and a cup of dryroasted peanuts, for example, contains 455 mg and 257 mg of magnesium respectively
[18]. However, sunflower and peanut oils contain no magnesium at all [18].
Analogously, one tablespoon of molasses, which is extracted from sugar cane during
the refining process, contains up to 25% of the RDA for magnesium [17]. White sugar
is completely devoid of magnesium. When refined products are enriched or fortified
with nutrients, magnesium is typically not one of them [17].
Food processing causes magnesium loss not only at the industrial level, but
also at the household level. Simply cooking vegetables and discarding the water, for
example, results in magnesium loss [8]. Boiling and steaming kale, for example,
results in a magnesium loss of 65-77 % [19]. Water, either tap or bottled, can be an
important source of magnesium because magnesium in drinking water has a higher
bioavailability than magnesium in food, [8][11][19], but the amount of magnesium in
water varies by source (1 mg/L to 120 mg/L) [11]. Water softening systems are
common in many countries, and they work by lowering the concentrations of minerals
in the water, including magnesium [20]. Hard water is high in dissolved minerals,
primarily calcium and magnesium, and can provide up to 30% of the daily RDA for
magnesium, whereas soft water may be deficient in magnesium [11]. According to the
WHO [21], drinking mineral-rich water may contribute significantly to total intakes of
nutrients such as magnesium in populations where consumption is low.
Magnesium in water may be significant not only in drinking water, but also in
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cooking water, because a higher concentration of magnesium in boiling water may
reduce magnesium leakage in food during cooking as well as magnesium loss in
boiled food [22].
Despite the fact that magnesium is found in a wide variety of foods, dietary
surveys [9][11] show that many countries' populations do not meet the recommended
daily allowance for magnesium, leaving them vulnerable to magnesium deficiency and
the risk of noncommunicable diseases. Magnesium intake has been reported to be low
especially in populations that consume processed-food diets such as fast food, pizzas,
pastries, cookies, and fried foods that are high in refined grains, fats, and sugars, as is
typical of westernized diets [9].
Aside from refining, processing, and cooking methods that reduce magnesium
content in foods, contributing to low intake in populations, agricultural factors such as
reduced magnesium availability in soil, water used to irrigate, and fertilizers all affect
magnesium content in foods [11]. Soil acidity, in effect, limits the availability of
essential plant nutrients such as magnesium and is rapidly becoming a problem as
crops absorb magnesium from the soil [23][24]. Excessive rainfall depletes the soil of
magnesium and other plant nutrients that keep the soil from becoming acidic [23]. The
harvesting of high-yielding crops, as well as the use of certain fertilizers to increase
the yield of these high-yielding crops, is the most significant contributor to increased
soil acidity [23][24]. Because crops absorb magnesium and other nutrients from the
soil in order to grow, increased crop yields eventually remove magnesium from the
field [23]. In addition, the use of fertilizers such as nitrogen fertilizer to increase crop
yields contributes to soil acidity [24]. Magnesium fertilizers have been shown to
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increase crop yield as well as magnesium content in soils and crops, thereby
addressing the problem of magnesium deficiency in soils and crops [24].
Several factors can facilitate or hinder magnesium availability or absorption in
the body. Although chronic low magnesium intake may be the primary cause of
magnesium deficiency, many other factors, both endogenous and exogenous, can
interfere with magnesium absorption, influencing total body magnesium status.
Endogenous factors such as age influence magnesium absorption. Magnesium
absorption decreases by up to 30% with age [14]. This is due to the gastrointestinal
tract's decreased ability to absorb micronutrients as we age [22].
Antinutrients such as phytates (phytic acid) found in whole grains, seeds, and
legumes, as well as oxalates (oxalic acid) found in green leafy vegetables, can reduce
magnesium absorption. [25]. Oxalates bind to magnesium in the gut and reduce
absorption, and phytates also reduce absorption of magnesium in the gut due to
chelation [25]. In a study conducted by Bohn et al. [26], mean fractional apparent
magnesium absorption was 60% lower when phytic acid was added to phytic acid-free
white wheat bread at a level comparable to whole-meal wheat bread (1.49 mmol/200
g) and 25% lower when added at a level comparable to brown bread (0.75 mmol/200
g) in healthy adults. Similarly, a study comparing magnesium absorption from a test
meal served with an oxalate-rich vegetable, spinach, to a test meal served with a
vegetable with a low oxalate content, kale, discovered that apparent magnesium
absorption from the meal served with spinach was significantly lower (26.7%) than the
meal served with kale (36.5%) [27]. Nonetheless, food processing methods such as
boiling, soaking, fermenting, and refining reduce the inhibitory effects of phytates and
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oxalates [28].
Excess consumption of foods with diuretic properties, such as coffee and tea
containing caffeine, sugar and alcohol, cause urinary magnesium loss due to their
action to increase fluid excretion by the kidneys [28]. Bergman et al. [29] found that
urinary magnesium loss increased significantly from 70 mg/g to 110 mg/g in a sample
of 31-78 year old women who consumed a decaffeinated beverage containing 6 mg
caffeine/kg lean body mass.
High levels of phosphorous, aluminum, calcium, protein and sodium affect
magnesium absorption and excretion [11] [30][31]. Excess calcium, protein, and
sodium intake leads to increased renal magnesium excretion [11][30][31]. Excess
phosphorus intake, specifically phosphate, reduces intestinal magnesium absorption
due to its ability to bind magnesium [30]. Sodas and other soft drinks are high in
phosphoric acid and [11][8][29] soda consumption has increased significantly over the
last few decades, which could be a significant contributor to magnesium deficiency.
Aluminum is another possible significant contributor because it can cause a 5-fold
reduction in magnesium absorption [11]. Aluminum is widespread and can be found
not only in food but also in cookware, over the counter and prescription medications,
all of which can lead to an increase in aluminum consumption [11].
Vitamin D is needed for magnesium absorption [11]. Low vitamin D reduces
the intestinal absorption of magnesium and high levels of vitamin D also increases
renal excretion of magnesium [11][31]. Vitamin D deficiency is a major public health
problem worldwide, even in low-latitude countries, mainly low-and-middle income
countries where it was widely assumed that sunlight was sufficient to prevent this
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deficiency, and in high-income countries, primarily in high latitude countries where
there is insufficient sunlight but where vitamin D fortification has been in place for
years [32]. In Ghana, for example, despite the abundance of sunlight, a cross sectional
study of 500 healthy adults aged 17-55 years found that 44% were vitamin D deficient
[33].
Other factors that can lower magnesium levels in the body include excessive
sweating, smoking, and prescription drugs (e.g., some antibiotics, antacids, and
hypertensive drugs) [11]. Sweating excessively as a result of exercise, heat, or
humidity can result in magnesium loss [11]. Sweating depletes the body of
approximately 15mg of magnesium per day [11].

Role of Magnesium in Women of Reproductive Age
There is a growing interest in the role of magnesium in women's health [34]
most especially during pregnancy. This is due to the profound effect magnesium has
on birth outcomes and the infant's susceptibility to chronic diseases later in life.
Pregnant women under the age of 18 should take 400 mg of magnesium per day,
compared to 360 mg for non-pregnant women. Pregnant women aged 19-30 years
should take 350 mg of magnesium per day, compared to 310 mg for non-pregnant
women. Finally, pregnant women over the age of 31 should take 360 mg of
magnesium per day, compared to 320 mg/day for non-pregnant women. The
magnesium requirements of lactating women are the same as those of non-pregnant
women.
It has been reported that in the general population, approximately 20% of
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women have low magnesium intakes and consume less than two-thirds of the
recommended daily allowance, which ranges between 207mg/day to 240mg/day [9]
[15]. As the need for magnesium increases during pregnancy, the majority of pregnant
women are unlikely to meet this increased need [35] [36]. In the United States, for
example, Bailey et al. [37] reported that more than 10% of pregnant women do not
meet their magnesium requirements. Maternal hypomagnesaemia, or low serum
magnesium, has been reported in 40–60% of pregnant women in South Asia and 16%
of pregnant women in Nigeria as a result of chronic persistent low magnesium intakes
[38].
Magnesium deficiency during pregnancy has been linked to poor perinatal
outcomes (Figure 1). In women of reproductive age, low magnesium intake during
pregnancy is associated with a higher risk of adverse health outcomes for both mother
and newborn, including restricted fetal growth, intrauterine growth restriction,
gestational diabetes, preterm labor, and pre-eclampsia [15]. In addition, low
magnesium intake during pregnancy has been identified as a main actor in the fetal
programming of adult disease [15]. Specifically, intrauterine magnesium deficiency in
the fetus could program insulin resistance after birth, inducing the increased risk of
metabolic syndrome in childhood or adulthood [15].
Over 213 million pregnancies occur globally every year, with an estimated 190
million (89%) occurring in low- and middle-income countries, where the risk of poor
birth outcomes is highest. Africa has the highest pregnancy rate of 224 pregnancies
per 1000 women aged 15-44 years for all pregnancies and the highest rate of 80
pregnancies per 1000 women for unintended pregnancies [39][40].
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Magnesium sulfate has been used to treat women at risk of preterm labor and
women with pre-eclampsia. Preterm labor is defined as labor that starts before 37
weeks of pregnancy and this could be due to uterine hyperexcitability caused by
chronic maternal magnesium deficiency, which is exacerbated in situations of
maternal stress [15]. The physiological stress of pregnancy in women with low
magnesium status prior to pregnancy may increase the risk of adverse pregnancy
outcomes such as gestational diabetes, pre-eclampsia, preterm labor and intrauterine
growth restriction, small-for-gestational age [15]. Diabetes and high blood pressure
are common risk factors of preterm labor [42], and magnesium plays an important role
in both. Every year, an estimated 15 million babies are born prematurely, and this
figure is increasing [42]. Premature birth complications are the leading cause of death
among children under 5 years of age, accounting for approximately one million
deaths. In Africa and South Asia, preterm births account for more than 60% of all
births [42]. Cerebral palsy, developmental delay, hearing and visual deficits, and
behavioral issues are among the neurodevelopmental morbidities associated with
preterm birth [40].
Administering magnesium sulfate to women at risk of preterm labor not only
reduces their risk of giving birth too early but it also exerts neuroprotective effects on
the fetus through the following three major mechanisms: (i) reduction of intracellular
calcium entry; (ii) block of glutamate and other neurotransmitter receptors responsible
for neuronal cell death; and (iii) modulation of the actions of oxygen-free radicals and
proinflammatory cytokines [15] [40]. An individual participant data meta-analysis
comparing the effects of antenatal magnesium sulphate versus no magnesium
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treatment in women at risk of preterm birth found that antenatal magnesium sulphate
given to women at imminent risk of preterm birth prevents cerebral palsy and reduces
the combined risk of fetal/infant death or cerebral palsy [43].
Preeclampsia is a major cause of morbidity and mortality for the woman and
her child, and it complicates 2–8% of pregnancies. It accounts for nearly 63,000
maternal deaths worldwide. Preeclampsia is defined by high blood pressure and
proteinuria after 20 weeks of pregnancy. If left untreated, it progresses to eclampsia,
which causes the woman to have seizures or convulsions. The World Health
Organization (WHO) recommends magnesium sulphate as the most cost-effective and
safe prophylactic anticonvulsant treatment for pre-eclampsia and eclampsia. Several
clinical trials have found magnesium sulphate to be effective in treating and
preventing preeclampsia and eclamptic seizures. The MAGPIE trial (MAGnesium
sulphate for Prevention of Eclampsia) is a large international trial that included 10,141
pregnant women recruited from 33 countries to assess the effects of magnesium
sulphate on women with preeclampsia and their babies. The MAGPIE trial found that
magnesium sulphate halves the risk of eclampsia, reducing the risk of maternal death,
without appearing to have substantively harmful effects on either the mother or the
baby in the short term.
Overall, magnesium plays an important role in women of reproductive age,
particularly in the regulation of cellular processes and as a cofactor for over 300
enzymes in a wide range of metabolic reactions, including blood glucose and blood
pressure regulation. Magnesium deficiency is common in the general population,
which increases the risk of chronic diseases. Women who have pre-pregnancy insulin
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resistance due to chronic low magnesium intakes are more likely to develop
gestational diabetes during their pregnancy. Women with high pre-pregnancy blood
pressures are more likely to develop preeclampsia. Furthermore, magnesium
deficiency during pregnancy interferes with fetal growth and development and favors
premature labor.

Figure 1 – Consequences of magnesium deficiency during pregnancy [15]

Magnesium and Type 2 Diabetes Mellitus
Intracellular magnesium plays a crucial role in carbohydrate metabolism by
influencing the activity of insulin that helps control blood glucose levels [22] [43].
Magnesium is fundamentally involved in regulating insulin action, insulinmediated-glucose-uptake and it is required for energy production, oxidative
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phosphorylation, as well as glycolysis [43]. Several possible mechanisms have been
identified explaining how low magnesium levels may lead to the development of type
2 diabetes [43][44][45]. Magnesium is an essential cofactor in biochemical reactions
involving phosphorylation thus, magnesium deficiency could impair the insulin signal
transduction pathway by interfering with the tyrosine-kinase activity of the insulin
receptor [43]–[46]. When blood glucose levels increase following a meal, the hormone
insulin is released and binds to its receptor. After insulin binds to its receptor,
tyrosine-kinase activity of the insulin receptor needs to be phosphorylated in order to
signal cells to take up glucose for energy and storage. The phosphorylation of the
receptor is dependent on magnesium concentration in the cell. With low magnesium
concentration, the insulin (bonded to its receptor) is not able to send signals to the
cells which results in insulin resistance. With insulin resistance, the body's cells do not
respond normally to insulin. Glucose cannot enter the cells and it starts to build up in
the blood which eventually lead to diabetes which subsequently increases renal losses
of magnesium (Figure 2). Thus, reduced intracellular magnesium concentrations result
in a defective tyrosine-kinase activity, post-receptorial impairment in insulin action
and insulin resistance [43].
The beneficial effects of magnesium on improving insulin activity have
spurred on investigations examining association between magnesium intakes and type
2 diabetes. These investigations have mainly been done in high income countries.
Dong et al [47] investigated the association between magnesium intake and risk of
type 2 diabetes. This involved a meta-analysis of 13 prospective cohort studies from
the US, Asia, Australia and Europe with 536,318 men and women aged between 18-75
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years. There were 24,516 incidence of type 2 diabetes. A 100 mg/day increment in
magnesium intake was associated with a lower risk of type 2 diabetes (RR 0.86; 95%
CI 0.82–0.89) [4]. Similarly, another meta-analysis of 7 cohort studies involving
286,668 men and women between 21-75 years reported an overall relative risk of 0.85
(95% CI, 0.79-0.92) with a 100 mg/day increase in magnesium intake [20]. Both of
these meta-analyses examined the dose-response relationship between magnesium
intake and risk of type 2 diabetes and found that increased intake of magnesium
lowers the risk of type 2 diabetes [48]. On the other hand, in a double-blind
randomized cross-over trial, Navarrete-Cortes and colleagues [46] investigated the
effects of magnesium supplementation on metabolic control and insulin sensitivity in
98 type 2 diabetic patients. In the trial, participants received either magnesium lactate
(360 mg) or placebo tablets for three months, followed by a three-month washout
period. Magnesium supplementation did not have any significant improvement in
fasting glucose, HbA1c (glycated hemoglobin A1c), insulin and HOMA-IR
(homeostatic model assessment-insulin resistance) of the patients. The investigators
attributed this finding to magnesium loss due to increased urinary magnesium
excretion [46]. Simental-Mendía et al [49] in a meta-analysis of 21 randomized
controlled trials conducted between 1992 and 2015 with a total of 1362 subjects
comprising 684 subjects in the magnesium group and 678 individuals in the control
groups examined the effect of oral magnesium supplementation on insulin sensitivity
and glucose control in both diabetic and non-diabetic individuals. They found that oral
magnesium supplementation given in a duration ≥ 4 months significantly improved
both the fasting glucose concentrations and HOMA-IR index in both diabetics and
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non-diabetics than supplementation periods lower than 4 months. This finding by
Simental-Mendía et al [49] could possibly explain why Navarrete-Cortes and
colleagues did not find any associate on between magnesium supplementation and
fasting blood glucose after 3 months of intervention. Similarly, in a meta-analysis of
18 double-blind randomized controlled trials (12 in people with diabetes and 6 in
people at high risk of type 2 diabetes), Veronese et al [50] investigated the effect of
oral magnesium supplementation in patients with diabetes or at high risk of diabetes.
Among the diabetics, the 336 subjects who received magnesium had reduced fasting
plasma glucose (studies=9; 95% CI: -0.80 to -0.00; I2=77%) compared to the 334
subjects who received placebo. Similarly, among subjects at high risk of type 2
diabetes, the 226 who received magnesium 7 supplementation had significantly
improved plasma glucose levels after a 2 h oral glucose tolerance test compared to the
227 subjects in the placebo group [50].
Clearly several studies [47], [49], [50] confirm that magnesium intake has a
beneficial effect on reducing the risk of developing type 2 diabetes. However,
presently, data available on the association between magnesium and the risk of type 2
diabetes originate from high income countries. Thus, studies investigating the
association between magnesium intake and risk of diabetes in the African region
where many countries are undergoing the nutrition transition which has led to
increased consumption of processed foods low in magnesium are needed to fill an
evidence gap in understanding the prevalence of magnesium deficiency in the diet and
the risk of type 2 diabetes in the region.
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Figure 2 – Magnesium deficiency and type 2 diabetes (Source from Gröber et al [51])
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APPENDIX 4 – DATA COLLECTION FORMS
Confidential
Mg and T2DM

Page 1 of 1

Screening Questionnaire
Woman ID

__________________________________
Woman Name
__________________________________

Inclusion and exclusion criteria:
How old are you? (age in completed years)
__________________________________
Are you part of this household?

Yes
No

What is your native language

Krobo
Ewe
Twi/Fante
Other (specify)

Other (specify)
__________________________________
Are you fluent in English?

Yes
No

Are you pregnant?

Yes
No

Is the woman eligible?

Yes
No

Proceed to consent form
__________________________________
End and thank woman
__________________________________

12/06/2021 11:01pm

projectredcap.org
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Socio-demographic Questionnaire
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Confidential
Mg and T2DM

Page 1 of 1

Anthropometric Form
Woman ID

__________________________________
Woman's weight
__________________________________
(1 decimal place)
Woman's height

__________________________________
(1 decimal place)

Was the height and weight measurement successful?

Yes
No

Reason why weight or height measurement missing

Cannot stand on scale (disabled)
Cannot measure height (disabled)
Uncooperative or uncontrollable
Other (specify)
Refused

Other (specify)
__________________________________

12/06/2021 11:01pm
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Confidential
Mg and T2DM

Page 1 of 1

Bioform

Woman ID
__________________________________

I would first like to ask you some questions about the last time you ate and when you last woke
up. After we will take only 3 drops of blood to run the tests for anemia and blood glucose
concentrations.
What time did you last eat/drink?
__________________________________
What time did you wake up this morning?
__________________________________
Time of fingerstick
__________________________________
HbA1c
__________________________________
(1 decimal place)
Fasting Blood Glucose
__________________________________
Hemoglobin Concentration
__________________________________
(1 decimal place)
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Confidential
Mg and T2DM

Page 1 of 28

Food Frequency Questionnaire

Woman ID
__________________________________

HOW OFTEN DID RESPONDENT EAT THESE FOODS IN THE PAST ONE WEEK
(Amount based on local food measures; show participant)
Meats and Other Alternatives
Beef

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the palm of your hand)

Goat

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the palm of your hand)

Pork

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the palm of your hand)

Organ meat e.g liver, gizzard

Never
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the palm of your hand)

Sausage

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the middle finger)

89

Confidential
Page 2 of 28

Corned beef

Never
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon (level))

Dark meat fish such as tuna, tilapia, mackerel,
salmon, sardines, anchovies, mudfish

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(Show picture of fish 1 (2 oz))

Other fish e.g one man thousand

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (mounds))

Shellfish e.g crabs, shrimps, prawns

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(Show picture of fish 3 )

Snail

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(Show picture of fish 3 )

Chicken/other poultry e.g. duck, turkey

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(Show picture of chicken 3 (thigh))
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Egg

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(size of 1 small egg)

Wele

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(about the size of a matchbox)

Any other meat (specify) e.g. bacon or ham?
__________________________________
Any other meat

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(specify standard use)

Dairy Foods and Fats
Whole milk e.g. Ideal milk (blue), peak milk etc

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Evaporated milk e.g. Carnation

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Fresh milk

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)
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Skimmed milk (less fat than whole milk)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Powdered milk e.g cowbell

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 teaspoon (level))

Brukina

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small glass)

Yoghurt

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 small glass (B))

Ice cream e.g Fan Ice

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 small glass (B))

Cheese e.g. laughing cow

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 teaspoon (level))
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Margarine

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 teaspoon (level))

Butter

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day

(made from cow milk)

(1 teaspoon (level))
Groundnut paste

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(Eaten as is (spread) 1 teaspoon level)

Mayonnaise/ Salad cream

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 teaspoon (level))

Fruits
Banana

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Pineapple

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))
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Mango

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Water melon

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

lemon/lime

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 teaspoon)

Tangerine

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of 20 pesewas worth)

Orange

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of 50 pesewas worth of orange)

Avocado Pear

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))
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Apple

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Pawpaw

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Guava

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(Circle of 4th and 5th fingers)

Any other fruits

__________________________________
(specify)

Other fruits

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Vegetable
Cocoyam leaves (nkontomire)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day

Not in stew or soup. Cooked and eaten as is

(1/4 cup (measuring cup))
Other leaves (Ademi, bokoboko)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day

Not in stew or soup. Cooked and eaten as is.

(1/4 cup (measuring cup))
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Okro

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day

Not in stew or soup. Cooked and eaten as is.

(1/4 cup (measuring cup))
Tomato (fresh)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day

Cut and eaten as is in a salad

(1 tablespoon (level))
Onion

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day

Cut and eaten as is in a salad

(1 tablespoon (level))
Garden eggs

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day

Not in stew or soup. Cooked and eaten as is.

(1/4 cup (measuring cup))
Cabbage

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Lettuce

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))
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Cucumber

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Carrots

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Mushroom

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Green pepper

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon (level))

Other vegetables__specify
__________________________________
Other vegetables

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (measuring cup))

Sweets and Baked Goods
Meat pie

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About size of the palm (GHS 1.00))
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Cake

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 slice. About the size of the palm)

Doughnut

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(circle B 2")

Pancake

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(Circle H 7")

Sweet biscuits

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(circle C 2.5")

Salty biscuits e.g. cream crackers

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(Circle D 3")

Chocolate coated sweet biscuits

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(circle C 2.5")
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Chocolate/chocolate bar

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(about the size of a matchbox)

Sweets, toffees, mints

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(size of the thumb)

Maize (roasted, boiled)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Poloo

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(about the size of a matchbox)

Achumo/chips

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Coated nuts e.g nketsia burger, snappy

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))
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Plantain chips

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(GHS 1.00)

Pizza

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(Wedge 3)

Spring rolls

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(Size of the middle finger)

Cassava balls

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(circle B 2")

Nketsi cake

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(about the size of a matchbox)

Any other e.g. samosa, quiche (specify)
__________________________________
Others

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(specify standard measure)
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Rice and Pasta Dishes
Plain rice

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (mounds))

Jollof rice

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (mounds))

Fried rice

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (mounds))

Waakye

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (mounds))

Noodles e.g indomie

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (mounds))

Spaghetti

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (mounds))
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Roots and Tubers
Kenkey (Ga, Fante)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the fist)

Fufu

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the fist)

Banku

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the fist)

Gari

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Cocoyam (boiled, fried, roasted)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(about the size of a matchbox)

Plantain (fried, boiled, roasted)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(about the size of a matchbox)
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Sweet potato (fried, roasted, boiled)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(about the size of a matchbox)

Yam (fried, roasted, boiled)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(about the size of a matchbox)

Tuo-zaafi

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the fist)

Kokonte

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the fist)

Omo tuo

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the fist)

Cassava (fried, boiled, roasted)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(about the size of a matchbox)
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Aprapransa

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the fist)

Mportompoto

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(About the size of the fist)

Yam/plantain ertor

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (mounds))

Soups, Stews and Sauces
Palm nut soup

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small bowl)

Groundnut soup

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small bowl)

Light soup

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small bowl)
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Green soup (Ebun ebunu)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small bowl)

Red Red

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day

(without gari and/or plantain)

(1 small bowl)
Agushie stew

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

nkontomire stew

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Tomato stew

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Egg stew

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)
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Okro soup/stew

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small bowl)

Garden eggs stew

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Porridges & Cereals
Hausa koko

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (measuring cup))

Maize koko

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (measuring cup))

Tom Brown

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (measuring cup))

Corn kernel porridge (Ekuegbemi or Oblayoo)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (measuring cup))
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Rice water

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (measuring cup))

Oats

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (measuring cup))

Wheat porridge

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 cup (measuring cup))

Any other (specify) e.g. corn flakes
__________________________________
Other porridges/cereals

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(specify standard measure)

Bread and Other Staples
White bread (tea bread)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(A slice. About size of the palm)

Sugar bread

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(A slice. About size of the palm)
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Butter bread

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(A slice. About size of the palm)

Koose

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(20 pesewas worth size)

Bofrot

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(50 pesewas worth size)

Nuts
Cashew nut

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Groundnut (roasted, boiled)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Tiger nut (atadwe)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))
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Coconut (only flesh not with the liquid)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Kola nut

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Any other nut e.g. almond nut
__________________________________
Other nut

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Beverages & Other Drinks
Cocoa drinks e.g. Milo, Chocolim, this way, miksi
choco etc

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 measuring cup)

Cocoa powder (unsweetened)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 measuring cup)

Tea e.g. Lipton

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 measuring cup)
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Herbal tea e.g moringa

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 measuring cup)

Coffee

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 measuring cup)

Any other (specify)
__________________________________
Other beverage

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 measuring cup)

Juices & Drinks
Sobolo

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small glass)

Coconut water

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day

(without the fleshy part)

(1/2 small glass (B))
Tampico (or Fan Dango)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 small glass (B))
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Kalypo

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 small glass (B))

Vita Milk (Soya milk)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 small glass (B))

Countre milk

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 small glass (B))

Minerals (e.g. Fanta, Coca Cola)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small glass)

Malt

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small glass)

Any other drinks (specify)
__________________________________
Other drinks

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 small glass (B))

12/06/2021 11:01pm

projectredcap.org

111

Confidential
Page 24 of 28

Alcohol
Beer

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small glass)

Guinness

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small glass)

Spirits e.g gin

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small glass using B)

Any other
__________________________________
Other alcohol

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 small glass)

Pulses (beans) and Lentils
Soybeans

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Black eyed beans

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))
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Baked beans

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Red beans

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Bambara beans

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Other beans e.g. lima beans

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/4 cup (measuring cup))

Oils
Vegetable oil (cooking oil)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Red palm oil

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)
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Palm kernel oil

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Coconut oil

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Other oil e.g groundnut, shea butter oil

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 tablespoon)

Miscellaneous/Condiments
Jams

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 teaspoon)

Honey

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 teaspoon)
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Tomato ketchup

Never or less than a week
1 per week
2-4x per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 teaspoon)

Shito

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 teaspoon)

Hot pepper (red, green)

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1 teaspoon)

Garlic

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 teaspoon)

Ginger

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 teaspoon)

Cloves

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 teaspoon)
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Salt

Never or less than a week
1 per week
2-4 times per week
5-6x per week
1 per day
2 - 3 per day
4 + per day
(1/2 teaspoon)

Finally, I would like to ask about any vitamin and/or mineral supplements you may have taken in the
last seven days.
Did you take any vitamin/mineral supplements in the
last 7 days, since last [SAY DAY, SAME AS INTERVIEW

Yes
No

DAY]?
Please tell me or show me what supplement(s) you
took

__________________________________

"State the name and brand"
How many teaspoon of the liquid or if pills, how many
pills have you taken in the past week?

__________________________________
(specify as teaspoon or pills e.g. 7 pills or 3*7
teaspoon)

Any comments?
__________________________________________
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